From the standpoint of poultry meat hygiene, amyloid deposition and bacterial contamination in livers of 197 mature white layer chickens from a slaughterhouse and 100 young broiler breeder chickens from 5 different retail butcher shops were examined. Amyloid deposition was detected in 1 liver from 2-years-old layer using alkaline Congo red staining and immunohistochemical examination, but no amyloid deposition was observed in 100 livers from young broiler. Total bacterial counts in the chicken livers were examined using nutrient, desoxycholate hydrogen sulfate and mCCDA agar plates, but no close relationship between amyloid deposition and bacterial contamination (counts and species) was observed in this study. These results suggest there is low incidence of systemic amyloid deposition in chicken liver from meat market.
Introduction
Amyloidosis is a well-recognized pathological disorder characterizing amyloid depositions in several tissues such as liver, spleen, kidneys and small intestine (Landman et al., 1998; Röcken and Shakespeare, 2002) . Avian amyloidosis is frequently found in waterfowl, and observed in amyloid arthropathy accompanying infection by Enterococcus faecalis in brown layer chickens (Landman, 1999; Steentjes et al., 2002) . Systemic amyloid A (AA) protein amyloidosis, which is recognized to be associated with chronic inflammation or persistent bacterial infection (Landman et al., 1998; Röcken and Shakespeare, 2002) , is also observed in domestic ducks (Ling, 1992) . The AA amyloid of systemic AA amyloidosis, a progressive fatal disorder in human and animals, is composed of precursor protein serum amyloid A (SAA) protein (Eckersall and Bell, 2010) .
Recently, we encountered irregular outbreaks of avian AA amyloidosis in growing hens at a large-scale poultry farm (Murakami et al., 2013) . From postmortem examination and epidemiological study at the farm, the AA amyloidosis outbreaks were closely related to the inflammatory stimulation caused by vaccination. The amyloid has low solubility and relative resistance against proteolytic digestion (Husby, 1985) as soon as it forms in certain tissues, and thus it could remain in those tissues or incidentally undergo conversion to systemic AA amyloidosis over time. Vaccination program consisting of several kinds of vaccines, especially in young chickens is considered to be a risk of systemic AA amyloidosis.
To survey amyloid depositions in chicken livers commonly consumed, we performed histological examination of amyloid deposition in livers from 2-year-old white layer and broiler breeder chickens. From the standpoint of meat hygiene, total bacterial counts in the liver tissues were also examined, and the relationships between amyloid deposition and bacterial contamination were estimated. Amyloid deposition was detected in only 1 liver from 197 samples of 2-year-old white layer, but not from 100 liver samples of broiler chickens. Moreover, no close relationship between amyloid deposition and bacterial contamination (count and species) in chicken livers was observed.
Materials and Methods

Samples and Detection of Amyloid Deposition
A total of 197 livers were collected from 197 white layers (about 2 years old) in a slaughterhouse on three occasions (May 18, May 25 and June 13 2012; Table 1) . A total of 100 broiler livers (about 60 days old) were also collected from five different retail butcher shops (Table 1 ). All livers were paraffin-embedded, sectioned and examined with alkaline Congo red staining under polarized light. They were then confirmed by immunohistochemistry (IHC) as described previously (Murakami et al., 2013) . Detection of amyloid deposition by IHC was carried out with an Envision+kit (Dako, Carpinteria, CA, USA) and a mouse anti-human AA amyloid monoclonal antibody MX-AA (1:200, Kyowa, Japan) as the primary antibody (Murakami et al., 2013) .
Bacterial Experiments
Bacterial counts (colony forming units/g) in l g liver from 20 samples on each date were measured in order to examine bacterial contamination. Approximately 1 g of liver was suspended in 9 ml of phosphate buffer saline (PBS) and homogenized with a glass homogenizer to obtain the 10% liver homogenate. The homogenate was directly streaked on nutrient agar plates (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan), desoxycholate hydrogen sulfate lactose (DHL) agar plates (Nissui) and mCCDA agar plates (Oxoid Ltd., Hampshire, United Kingdom). The nutrient and DHL agar plates were incubated at 37℃ for 24 h, and the mCCDA agar plate was incubated at 37℃ for 48 h in a microaerobic atmosphere. The presumptive Campylobacter colonies on the mCCDA agar plates were confirmed by the NH immunechromato Campylobacter kit (Nippon Hamu, Tsukuba, Japan).
Results and Discussion
The 197 livers from the white layers were generally soft with yellow-green to brown coloration, while all 100 livers from broiler breeders were somewhat firm with red-brown coloration. Although 16 of 197 liver sections from the white layers showed suspicious birefringence under a polarizing microscope, amyloid deposition was confirmed in only a section by IHC (Fig. 1A and 1B) . No characteristic emeraldgreen birefringence was observed in the 100 broiler sections stained with alkaline Congo red (Table 1) .
Total bacterial counts of the 197 layer and 100 broiler livers on the three different culture plates are shown in Table  1 . We measured total viable cell counts on nutrient agar plates and total numbers of Escherichia coli and Salmonella spp. on DHL agar plates. Black colonies presumed to be Salmonella spp. on the DHL plates were isolated from five livers obtained from shop D. Among five colonies, two colonies from two samples were identified as Salmonella spp. by the slide agglutination test using Salmonella Ospecific multiple anti-serums (Denkaseiken, Gosenshi, Japan) (Table 1) . No close relationship between total bacterial counts and amyloid deposition was observed; and bacterial counts in layer livers with amyloid deposition were the same as those in layers without amyloid deposition. No inflammatory or septicemic symptoms caused by bacterial infection were observed in all layer and broiler livers by histological examinations, so that bacterial counts found in livers seem to be contaminated after animals slaughtered. Although the layer livers were collected from a slaughterhouse on five different dates, the total bacterial counts were almost the same, and Campylobacter jejuni/coli was not detected by direct plating. On the other hand, the bacterial counts of broiler livers from three different retail butcher shops varied on the three types of agar plates. Bacterial counts on the nutrient agar plates were almost the same in the liver samples from five shops. E. coli counts on the DHL plates in liver samples from shops B and D were higher than those obtained from shops C, D and F. Numerous Campylobacter jejuni/ coli were detected in liver samples from shops B, E and F by direct plating (Table 1 ). The bacterial counts in broiler livers may have been influenced by sanitary conditions, including the handling environments for chicken meat in the individual retail butcher shops. This study reveals that amyloid deposition is rare in livers from white layers and broiler breeders. In chickens, AA amyloidosis is observed in relatively older birds and induced by chronic inflammatory stimulation (Landman et al., 1998; Steentjes et al., 2002) . Only one case of amyloid deposition was detected in the liver from a 2 year-old white layer by Ishiguro et al.: Amyloid Deposition in Chicken Liver (Fig. 1B) , and thus the degree of amyloid deposition in the liver was mild. From the distribution of amyloid depositions in the liver, the chicken amyloidosis may represent early stage AA amyloidosis. On the other hand, healthy livers from broilers without amyloid deposition are apparently red-brown in color. The liver, spleen, kidney and small intestines are the predominant sites for deposition of amyloid in chickens (Landman et al., 1998; Röcken and Shakespeare, 2002) . In bovine AA amyloidosis, amyloid deposits are observed in several tissues, including edible regions such as skeletal muscle . Since the oral transmission of bovine AA amyloidosis into experimental murine systems has been reported (Cui et al., 2008) , the amyloid deposition in edible meat proves a public health problem. Due to the fact that chicken liver is commonly consumed as Yakitori in Japan, the monitoring of amyloid deposition in liver is important, especially from the standpoint of poultry meat hygiene.
The occurrence and development of systematic AA amyloidosis is closely associated with inflammatory reactions such as continuous bacterial infections or tumors (Landman, 1998; Ling, 1992) . Some reports suggest that vaccination has the potential to cause AA amyloidosis in chickens Rampin et al., 1989) . However, no direct evidence of the influence of vaccination on chicken AA amyloidosis was found in this study. Additionally, no close relationship between amyloid deposition and bacterial contamination was detected.
Bacterial contaminations were observed in all livers from white layers and broiler breeders (Table 1) . This survey was conducted between the months of May, June and Sept. It has been reported that the percentage of contaminated chicken products between July and November is higher than that in April and May (Ishihara et al., 2012) . In this study, direct plating was used without enrichment broth in order to obtain the bacterial counts in liver. If enrichment broths for Salmonella and Campylobacter had been used, it is likely that many colonies would have been isolated in the liver samples from the slaughterhouse and retail butcher shops. Therefore, bacterial contamination of chicken livers may be influenced by both seasonal and sanitary conditions, including the handling environment for chicken meat in individual retail butcher shops. To reduce bacterial contaminations in chicken meat, it should pay attentions to handling and preservation of chicken meat. 
